Background-Reducing tar yields of manufactured cigarettes has been an important plank of government policy on tobacco, but sale weighted yields are not routinely published. Methods-Tar, nicotine, and carbon monoxide yields measured by the Laboratory of the Government Chemist were combined with cigarette brand market shares from national surveys of smoking behaviour to generate sales weighted yield estimates for the period 1972-99. Conclusions-The value of reducing cigarette tar and nicotine yields has been questioned, since the tendency of smokers to compensate for reductions in nicotine delivery undermines the policy. The favourable trends in tar to nicotine ratios suggest that, despite this, there may have been some modest public health benefit. It cannot be assumed that future reductions from present levels would necessarily result in further improvement in tar to nicotine ratios. An explicit focus on the ratio of tar to nicotine may provide a metric of greater relevance for public health than the present emphasis on absolute tar yields. (Thorax 2001;56:960-963) 
For the past 25 years there has been a policy of gradually reducing the tar yields of manufactured cigarettes on sale in the UK. 1 This policy was pursued initially through a series of voluntary agreements between government and the tobacco industry, and more recently through European Union directives. 2 The directive currently in force limits tar yields as measured on smoking machines by ISO methods to 12 mg per cigarette; a new directive which has recently been agreed imposes a tar limit of 10 mg per cigarette and, for the first time, introduces limits on nicotine (1 mg per cigarette) and carbon monoxide (10 mg per cigarette). The policy of lowering cigarette yields is predicated on the assumption that this will result in lowered exposure among smokers to toxic combustion products, and hence may contribute to a reduction in risk of smoking related disease. This has come under increasing question as evidence has accumulated that smokers' intakes are driven primarily by their need to regulate nicotine intake, and that machine smoked cigarette yields predict measured exposure weakly, if at all. 3 4 Putting to one side the question of the public health value of the low tar programme, it is of interest to examine how successful it has been in achieving declines in nominal yields and what challenges there may be to achieving the new targets for nicotine and carbon monoxide deliveries. To do this requires monitoring of the yields of cigarette brands to which smokers are exposed. A simple arithmetic mean of yields may not be informative as there is a proliferation of brands (over 240 in 1999), with many having negligible sales while a few predominate. In order to estimate the exposure of the smoking population, the yield figures need to be weighted according to the market shares of the brands on sale. The Tobacco Manufacturers' Association supplies sales weighted yield information to the Department of Health based on internal industry estimates of brand market share combined with yield figures from the Laboratory of the Government Chemist, but these data are not published. In previous papers 5 6 it was shown that reliable estimates can be constructed using brand market share figures from national surveys of smoking behaviour, and figures were given for the years from 1972 to 1985. The present paper extends these estimates up to 1999, using data from the General Household Survey to derive brand shares, and comments on the figures.
Methods
Tar, nicotine, and carbon monoxide yields of manufactured cigarettes were taken from surveys conducted on behalf of the government by the Laboratory of the Government Chemist (LGC) since 1972. Before 1991 the LGC used a UK specific definition of butt length which resulted in slightly higher yields than the ISO methods. There were also changes to the way nicotine was measured in 1991 which resulted in a decline of about 5% in measured values, or 0.05 mg/cigarette for a mean yield of 1 mg. Since 1991 the UK methods have conformed to published ISO standards. [7] [8] [9] LGC conducted two surveys a year until the end of 1994, but since then each survey has covered a full calendar year. For the years up to 1985 brand shares were derived from surveys carried out by National Opinion Polls (NOP) on behalf of the OYce of Population Censuses and Surveys. There has been a steady decline in tar yields over the whole period since 1972 from a sales weighted mean of 20.5 mg per cigarette in 1972 to 9.5 mg per cigarette in 1999. The latter figure is already comfortably below the limit of 10 mg which is to be introduced throughout the EU by 2002. Nicotine yields, for which there have not been any explicit targets until now, have displayed a somewhat diVerent pattern. There was little change between the early 1970s and about 1986, with nicotine yields averaging about 1.3 mg per cigarette. Over the next few years there was a substantial decline to <1 mg per cigarette, only a small part of which was attributable to the measurement changes introduced in 1991. Since 1994 the decline has continued, but at a much reduced rate, so that by 1999 the sales weighted mean had reached 0.79 mg per cigarette. As with tar, this is already comfortably below the 1 mg target due to be introduced within the EU in the next year or so.
Data for carbon monoxide are available only since 1978. CO yields initially declined from similar levels and at much the same rate as tar yields, but since the mid 1980s there has been increasing divergence. Sales weighted CO yields in 1999 averaged 11.1 mg, some 10% higher than the proposed EU limits.
It has been suggested that smokers' intakes from cigarettes are driven by their need to maintain preferred levels of blood nicotine. 3 The strong version of this argument is that compensation for changes in nicotine yield may be complete. If this is the case, interest shifts from absolute tar and nicotine yields to the ratio of tar and nicotine deliveries since, if smokers maintain nicotine intakes irrespective of nominal nicotine deliveries, it is the amount of tar generated per unit of nicotine that will determine the relative amount of tar exposure in smokers of diVerent brands (C Bates, unpublished, 2001 ). Figure 2 shows changes in tar to nicotine ratios from 1973 to 1999. At the beginning of this period sales weighted tar to nicotine ratios averaged 15.4. Throughout the 1970s and early 1980s they declined steadily, reaching a low of 10.6 in 1986. There was then an increase to over 12.5 but, over the past 5 years, the ratio has held steady at around 12. Sales weighted mean tar to nicotine ratios were Tar and CO yields (mg) Nicotine yields (mg)
Nicotine yield CO yield Tar yield
Trends in sales weighted tar, nicotine and carbon monoxide yields of UK cigarettes
some 22% lower in 1999 than in 1972. When low tar brands (those with a tar yield of less than 10 mg) were first introduced in the early 1970s their tar to nicotine ratios were higher than in other brands. However, this situation rapidly changed and for nearly 25 years smokers of low tar brands have enjoyed more favourable tar to nicotine ratios than smokers of higher yielding brands (the diVerence amounting to 14% in 1999).
Discussion
If the figures can be taken at face value, the policy of reducing tar yields pursued over the past 25 years has been remarkably successful. The sales weighted tar yield in 1999 (9.6 mg) was less than half that in 1972 (20.5 mg). The 1972 figure was itself much reduced from a mean of about 32 mg which is though to have obtained over the whole period from the 1930s to the early 1960s. 10 11 The reduction in tar yields has followed a steady linear trend and there is no sign as yet that this policy is close to reaching its limits in terms of lessened consumer acceptance of lower yield cigarettes. It would appear that the new EU limits on tar (10 mg) and nicotine (1 mg) will present few problems for UK manufacturers as the sales weighted mean is already below these limits. The evolution of individual brands over time is instructive. For most of the past 25 years Benson and Hedges Special Filter King Size has been the dominant UK brand, and it remains one of the market leaders today. Its tar yield has gone from 20.0 mg in 1972 to 10.7 mg in 1999, and nicotine from 1.4 mg to 0.85 mg. These changes have done little to dent its popularity. A small increase in the extent of filter ventilation, which is the main method used to reduce machine smoked deliveries, 12 will be suYcient to ensure it conforms with the new limits.
Until now there have been no targets for carbon monoxide yields and hence no explicit pressure to reduce carbon monoxide deliveries. This may be one reason why carbon monoxide yields have come down at a slower rate than tar yields. Achieving the target of 10 mg carbon monoxide per cigarette may be the one significant technological challenge facing the tobacco industry in meeting the new EU limits.
Whether the tar reduction policy has been of benefit in reducing smoking related disease has been the subject of debate. Epidemiological evidence has been interpreted as showing benefits both for low tar smokers compared with higher tar smokers and for smokers of filter compared with plain cigarettes, 13 14 and for time trends of smoking related disease in a population as yields reduce. 15 Against this has been the compelling evidence for nicotine compensation, with cigarette nicotine yields explaining little if any of the variance of nicotine intakes in smokers. 3 4 These human exposure data indicate that the absolute reductions in tar yields have few implications for inhaled smoke dose in smokers. Interestingly, the yield figures point to a benefit for smokers both if the yield data are true indicators of exposure and if nicotine compensation dominates. In the latter case tar to nicotine ratios have improved by about 20% over the years (which should impact on time trends for smoking related diseases), and low tar smokers have consistently experienced a reduction in tar to nicotine ratio of about 14% compared with smokers of higher yielding brands. This is about the extent of risk reduction in low tar smokers which many epidemiological studies have observed. 14 16 It is interesting to note that, although smokers of manufactured cigarettes have apparently fairly easily adapted to the gradual lowering of yields over the years, at any particular point in time brands at the higher end of available yields have dominated the market. Brands yielding 4 mg or less tar have never commanded a significant market share. How low mean yields could go before provoking major consumer resistance is uncertain. Given that, with current cigarette designs, smokers can achieve high nicotine intakes whatever the nominal yield of the cigarette, it is likely that consumer resistance would be fuelled more by the eVort required to generate the desired dose than any actual limitation on delivery. Only if the absolute bioavailability of nicotine was restricted, as has been advocated, 17 would the real limits to acceptable doses become apparent.
The data presented here for sales weighted tar, nicotine, and carbon monoxide yields provide up to date information on the UK market. They correspond closely with unpublished figures supplied to the government by the Tobacco Manufacturers' Association, but have the merit of being based on publicly available sources and have the potential to be updated in the future. Whether the low tar programme has run its course as a useful means of regulating emissions of manufactured cigarette is subject to an ongoing debate, with strong arguments that the yield figures serve only to mislead both consumers and regulators. 18 Whatever view is taken of the merits of the strategy of tar reduction, the sales weighted yield data will continue to be of use in documenting what that programme has delivered. 
